Abstract: Foliar sprays of (PGR's) Cycocel and Alar were applied at concentrations of 250, 500, and 750 ppm after 105 days after plantation (square and boll setting stage) to Egyptian cotton cultivar planted at three plant densities (166.000, 222.000, and 333.000 plant ha , but effects were not always significant and response varied for different traits. Neither Cycocel nor Alar affected lint percentage, yield earliness or fiber properties at any plant density.
PUBLIC INTEREST STATEMENT
This work confirmed the applicability of some other reports on PGR under Egyptian conditions and indicated that yield components and yield could be improved without affecting fiber properties by applying Cycocel at 500 or 750 ppm or Alar at 250 ppm to a plant density of 166,000 plants ha −1 . Yields at higher plant densities could be enhanced by either treatment, but were less than those observed at a plant density of 166,000 plants ha −1 . There was a definite correlation between plant density and growth and growth retardants, which suggested that cotton plants produced more when each plant had optimum growing space, that maximum yield depended on an optimum balance of space plant −1 vs. number of plants ha −1 , and that the yield effect of wider spacing can be enhanced by treatment with growth retardants.
Introduction
Chemical may be used to reduce plant size in cotton (Gossypium barbadense, L.), which can increase cotton yield by allowing an increased number of plants per unit area. Mondino, Peterlin, and Garay (1999) indicated that to optimize yield, it is necessary to establish a balance between biomass production and harvest index. Short cotton plants necessitate the use of higher plant densities per area unit. Plant size may be reduced genetically or chemically. Plant Growth Regulators, which affects physiological processes using hormones in the plant, can be used to modify plant size. Also, an important objective for using PGR's in cotton is to balance vegetative and reproductive growth as well as to improve lint yield and fiber quality (Zhao & Oosterhuis, 2000) . Application of Cycocel and Alar, when plants had at least four fruiting branches, reduced plant height and length of lateral branches (Wang, Chem, & Yu, 1985) They have also been shown to enhance yield-related physiological functions by increasing gross plant photosynthesis or by increasing the retention of bolls by enhanced partitioning of photosynthates to fruiting forms (Guinn, 1984) . Treated plants are compact, conical in form (Wang et al., 1985; Zhao & Oosterhuis, 2000) and can be spaced closer to achieve higher plant populations. Also, short, compact, open-canopy plants resulting from such treatments conceivably could improve energy distribution through better light penetration and improve insect control through better insecticide coverage thereby increasing yield.
Koraddi, Modak, Guggari, and Kamath (1993) found that application of 60 ml Cycocel ha −1 at 90, 105, and 120 days after sowing increased mean yield of cotton plants. Pipolo, Athayde, Pipolo, and Parducci (1993) found that single and double applications of 25 g ha −1 of Cycocel resulted in yield increases of 11.5% and 11.6%, respectively. These treatments also enhanced earliness and seed weight and micronaire. More, Waykar, and Choulwar (1993) found plant height, number of branches, number of leaves plant −1 , and number of internodes and internodal length to be significantly decreased when plants were treated with 100, 150, and 200 ppm of Cycocel. Singh and Chouhan (1993) reported cotton yield of a control treatment to be 1.06 t ha −1 and to have increased to 1.14 t ha −1 when 80 ppm of Cycocel was sprayed once at flower initiation and again 20 days later. Cycocel decreased the percentage of boll shedding and increased net economic return Sawan (2013) . Mahmoud, Bondok, and Abdel-halim (1994) found that Cycocel and Alar decreased plant height with application rates of 500 and 5,000 ppm, respectively, when applied at-early growth stages, while late application increased plant height and leaf abscission, but decreased the number of nodes plant −1 and number of leaves plant −1 . Bednarz, Bridges, and Brown (2000) indicated that lower cotton population densities resulted in plants with more main-stem nodes and monopodial branches with increased fruit retention, resulting in greater fruit production per plant. They added that mean net assimilation rate from first flower to peak bloom was inversely related to population density. Mohamed, El-Din, and Ragab (1991) and Sawan (2013) found, when cotton was grown at 2, 3, or 4 plants hill −1 (166.000, 222.000, and 333.000 plants ha . Fiber quality was not significantly affected by plant density. Gannaway, Hake, and Harrington (1995) found that when cotton was grown at 6, 12, 18, and 24 plants m −1 of a row, lint gin turnout and boll size decreased, as population increased. Plant population had essentially no effect on fiber length, strength and elongation, but micronaire reading decreased as the population increased. Campanella and Hood (2000) indicated that plots sown at a rate of nine seeds m −1 (90.000 ha −1
) produced 2-10% more yield, saved 31-66% in sowing costs, and increased profit margins by 7-13%, when compared to sowing rates of 12 and 15 seeds m Considerable research with Cycocel effects on cotton has been widely reported, but little work has been carried out with Alar. Inadequate information is available on cotton's response to these chemicals under Egyptian growing conditions. Little or no literature was found on interactions between plant density and growth retardant treatments. To fill this gap and confirm the applicability of other work, this study was designed to evaluate the effects of Cycocel and Alar (PGR's) on cotton yield and fiber properties as inter-related to plant density of an Egyptian variety of G. barbadense under Egyptian field conditions.
Materials and methods
Two field experiments in two consecutive years, I and II) were conducted at Giza Agricultural Research Station (30°N, 31°: 28'E and 19 m altitude), Agricultural Research Center, Egypt, with the Egyptian cotton cv. Giza 75 (Gossypium barbadense, L.). The soil texture in both seasons was a clay loam, with an alluvial substratum, (pH = 8.10, 43.0% clay, 28.40% silt, 19 .33% fine sand, 4.31% coarse sand, 3.00% calcium carbonate, and 1.83% organic matter). Treatments were arranged in a randomized complete-block design with four replications. Each experiment included 21 treatments, i.e. 3 plant densities × 6 growth retardant concentrations + 1 (0 concentrations as control). The plot size was 3 rows, 4 m long × 0.6 m wide. Plots were planted on April 8 in season I and on April 15 in season II. Seeds were planted in hills 20, 15, and 10 cm apart within the row and thinned to 2 plants hill −1 six weeks after planting to achieve plant densities of 166.000, 222.000, and 333.000 plants ha −1 , respectively. Plots were foliar-sprayed with 250, 500, and 750 ppm of either 2-chloroethyl trimethyl ammonium chloride (chlormequat chloride, Cycocel, or CCC) or succinic acid 2,2-dimethyl hydrazide (daminozide, SADH, B-Nine, Kylar or Alar). Water alone was sprayed as a control and 166.000 plants ha −1 was the control for plant density. This concept is based on the fact that the plant density of 166.000 plants ha −1 is the recommended density in Egypt. Treatments were foliar-sprayed 105 days after planting, which was during the square-and-boll setting stage. The Cycocel and Alar were both applied to the leaves with uniform coverage using a knapsack sprayer. The solution volume was 960 L ha −1 for all treatments. The application was carried out between 09.00 and 11.00 h. Total irrigation amount during both growing seasons (surface irrigation) was about 6,000-m³ ha −1
. No rainfall occurred during the two growing seasons. The first irrigation was applied 3 weeks after sowing, and the second one was 3 weeks after that. Thereafter, the plots were irrigated every 2 weeks until the end of the season, thus providing a total of nine irrigations. Phosphorus fertilizer was applied at the rate of 24 kg P ha −1 as calcium super-phosphate during land preparation (the recommended level for semi-fertile soil). Potassium fertilizer was applied at the rate of 47 kg K ha −1 as potassium sulfate before the first irrigation. Nitrogen fertilizer was applied at the rate of 144 kg N ha −1 as ammonium nitrate in two equal doses; the first one was applied after thinning just before the second irrigation and the other one was applied before the third irrigation. Fertilizer application (N, P, and K), along with pest and weed management was carried out according to local practices performed at the Experiment Research Station.
Ten plants were randomly chosen from the central row of each plot to determine plant height and the number of opened bolls per plant and boll weight (g seed cotton boll ), and plant height (cm). Earliness as percentage of the yield harvested in the first picking was calculated as follows: seed-cotton yield in first picking divided by the total seed cotton yield and multiplied by 100. First hand-pickings took place on September 25th and 30th and the final pickings on October 10th and 15th in seasons I and II, respectively. Total seed cotton yield of each plot (including the 10 plant sub samples) was ginned on a laboratory roller gin stand to determine lint yield (kg lint he −1 ), lint percent, seed index (g per100 seeds), and lint index (g of lint per100 seeds). Fiber tests were made using single instrumentation at a relative humidity of 65 ± 2% and a temperature of 20 ± 1°C. A digital fibrograph was used to determine fiber length in terms of 2.5 and 50% span length (millimeters) and uniformity ratio. Micronaire readings, including a measurement of fiber fineness and maturity, were done on a Micronaire instrument, on harvested fiber. Flat bundle strength (in g tex −1 ) was determined using a Pressly tester (according to the method of the American Society for Testing Materials (ASTM), 1979) (Sawan, Mahmoud, & Fahmy, 2011) .
Results were statistically analyzed as a factorial experiment in a randomized complete-block design with four replications for the studied characters each year, following the procedure outlined by Snedecor and Cochran (1980) . The Least Significant Difference (LSD) test method, at 5% level of significance, was used to verify the significance of differences among treatment means and the interactions.
Results and discussion

Plant height
Both Cycocel and Alar significantly decreased plant height in both years (Table 1) , with the most pronounced effect at the highest concentration (750 ppm). Cycocel and Alar, therefore, could be used to control the vegetative development of cotton plants. This corroborates the research of Wang et al. (1985) , who report that these two PGRs reduce plant height and length of lateral branches. Plant height significantly increased as plant density increased in both years (Table 1) . Similar results were obtained by Alfageih, Baswaid, and Atroosh (2001) .
Yield components
Number of open bolls m −2 and plant −1
Number of opened bolls m −2 and plant −1 were significantly greater on plants treated with Cycocel and Alar in both years, compared with the untreated control (Table 1) , but there was no difference between application rates. Increased number of opened bolls m −2 and plant −1 may be due to increased photosynthetic activity of leaves following application of Cycocel and Alar (Gardner, 1988; Wu, Chen, Yuan, & Hu, 1985) . Increased photosynthesis has been shown to greatly increase flowering and boll retention (Kler, Raj, & Dhillon, 1989; Wang et al., 1985) . Also, favorable metabolite balance may suppress vegetative growth, which increases penetration of photosynthetically active radiation into the canopy. These results agree with those of Singh and Chouhan (1993) , where Cycocel decreased percentage of boll shedding and increased net economic return after its application at 80 ppm at flower initiation and 20 days later. Our findings also agree with those of Sawan, Mahmoud, and Momtaz (1997) , when Cycocel and Alar were sprayed at 300 ppm 75 days after plantation, and Sawan (2013) .
Plant density was significantly and inversely related to the number of opened bolls m −2 and plant −1 in both years, except in the first year when the highest number of opened bolls m −2 was obtained at , Guinn (1984) , studying factors influencing abscission of floral buds and bolls, found that conditions that decrease photosynthesis might delay fruiting and reduce retention of squares and bolls. Bednarz et al. (2000) found lower cotton population densities lead to the production of plants with more main-stem nodes and monopodial branches with increased fruit retention, resulting in greater fruit production per plant. More opened bolls plant −1 has been reported at low population levels by Abd-El-Malik and El-Shahawy (1999), and Palomo Gil, Gaytan Mascorro, and Godoy Avila (2000).
Boll weight
Alar increased boll weight above the control in second year at all rates; Cycocel did not show significant effects (Table 1) . Similar results were obtained by Sawan et al. (1997) and Sawan (2013) with Cycocel and Alar, and by Karthikeyan and Jayakumar (2001) and Lamas (2001) with Cycocel.
Decreasing plant density was accompanied by an increase in boll weight in both years. The effects of plant density may be due to heavy shading by upper leaves in high plant populations, which could limit photosynthate availability to, and growth of, bolls on the lower portion of the plant. In this connection, Bednarz et al. (2000) stated that mean net assimilation rate from first flower to peak bloom and boll size were inversely related to population density. These results agree with those of Gannaway et al. (1995) and Abd-El-Malik and El-Shahawy (1999).
Lint percentage
Lint percentage was not affected by Cycocel or Alar (Table 2 ). This result agrees with the finding of Sawan et al. (1997) and Sawan (2013) for Cycocel and Alar, and Lamas (2001) for Cycocel, although a reduction in lint percentage due to Cycocel application was observed by Carvalho et al. (1994) . Plant density also had no significant effect in either year, supporting the results of Jones, Snipes, and Tupper (2000) .
Seed index
Seed index significantly increased in both years due to both Cycocel and Alar applications compared with the control (Table 2 ). In the first year, there was no difference between rates of either PGR; however, in the second year, higher rates of both PGR's increased seed index. This indicates that treated cotton bolls had larger carbohydrates and other metabolites than untreated bolls (Gardner, 1988; Wu et al., 1985) . This agrees with previous works of Pipolo et al. (1993) for Cycocel, Sawan et al. (1997) and Sawan (2013) for Cycocel and Alar, and Lamas (2001) for Cycocel.
Lower plant density significantly increased seed index in both years probably due to improved light penetration at the lower plant density (166.000 plants ha −1 ). Similar results were obtained by Singh and Warsi (1985) .
Lint index
Compared with the untreated control, lint index was significantly increased on plants treated with Alar in both years (Table 2) , with the most pronounced effect being at the highest concentration of 750 ppm. Also, Cycocel significantly increased lint index when applied at 250 ppm in the first year and at 750 ppm in the second year. The significant increase in lint index due to both Cycocel and Alar application was similar to the results of Kler et al. (1989) for Cycocel and Sawan et al. (1997) and Sawan (2013) for both Cycocel and Alar. Lint index was not significantly affected by plant density in either year. Lack of effects due to plant density for lint index agreed with the findings of Singh and Warsi (1985) .
Yield
Both Cycocel and Alar significantly increased seed-cotton yield plant −1 and seed-cotton and lint yields ha −1 in both years (Table 3) , with no difference among application rates of either chemical. Increased seed-cotton yield plant −1 and seed-cotton and lint yields ha −1 due to Cycocel and Alar may be attributed to the stimulatory effect of these substances on certain physiological processes, leading to improvement of all the yield components. Cycocel and Alar have also been associated with increased photosynthesis (Gardner, 1988; Wu et al., 1985) through increased total chlorophyll concentration of plant leaves. In these studies, increased photosynthesis greatly increased flowering, boll retention, and yield. These results agree with those obtained by Sawan et al. (1997) and Sawan (2013) with Cycocel and Alar, and by Karthikeyan and Jayakumar (2001) and Lamas (2001) with Cycocel. , and seed-cotton and lint yields ha −1 significantly decreased as plant density increased in both years, with two exceptions in the first year, where maximum seed-cotton and lint yields ha −1 were obtained from the intermediate plant density, followed by the lowest density. Increase in plants per unit area with dense planting did not nullify the increase in seed-cotton yield plant −1 under wide hill spacing. Decreased seed-cotton yield plant −1
, and seed-cotton and lint yields ha −1 , as plant density increased, may be due to the fact that the increase in plants per unit area with dense planting could not compensate for the decrease in yield components plant −1 under narrow hill spacing. A consequence of high plant densities was that many plants were barren of bolls, which decreased fruiting efficiency; such decrease due to a lower percentage of assimilates being converted into fruits. Chhabra and Bishnoi (1993) , when planting two cotton cultivars at spacing of 60 × 30, 60 × 22.5 and 60 × 15 cm, found that with narrow spacing, dry matter accumulation in stems, leaves and reproductive parts at all the crop stages was decreased. Increased seed-cotton yield under low plant density was reported by Abd-El-Malik and El-Shahawy (1999), Campanella and Hood (2000) , and Palomo Gil et al. (2000).
Yield earliness
No significant difference was noted in yield earliness (as percentage of the yield harvested in the first picking) due to Cycocel or Alar in either year (Table 3) . Similar lack of influence on yield earliness for Cycocel or Alar was obtained by Sawan et al. (1997) and Sawan (2013) , but Abdel Al and Eid (1985) found that in one out of two seasons, Alar increased earliness; however, Pipolo et al. (1993) indicated that application of Cycocel 70 days after emergence with 25-100 g ha −1 and given also two extra sprays 15 days apart (85 and 100 days after emergence) increased earliness of yield.
Yield earliness was inversely related to plant density probably due to more light penetration to, and air movement around, plants, thus causing earlier boll opening. Abd-El-Malik and El-Shahawy (1999) and Alfageih et al. (2001) reported a similar inverse relationship of yield earliness to plant density.
Fiber properties
Neither PGRs (Cycocel and Alar) nor plant density had a significant effect on any of the fiber properties investigated (Table 4 ). There may be specific hormones for cotton fiber, so failure to improve fiber properties consistently may simply be due to failure to test the right compound; potential chemical improvement of fiber length should not be ignored. These results agree with those of Sawan et al. (1997) and Sawan (2013) who reported that Cycocel and Alar did not affect cotton fiber quality. Karthikeyan and Jayakumar (2001) suggested that fiber quality parameters were unaffected by Cycocel application. Mohamed et al. (1991) found that fiber quality was not affected by plant density. Gannaway et al. (1995) found that plant population had essentially no effect upon fiber length and strength, but micronaire reading decreased as population increased. Pettigrew and Johnson (2005) stated that few fiber quality differences were detected among PGR application rates and seedling rates.
Interactions
Interactions effects between plant density and Cycocel or Alar relative to number of opened bolls m −2 and plant , seed-cotton, and lint yield ha −1 in both years were noted (Tables 5 and 6 ), but not for the other measured properties (Tables 7-10 , seed-cotton, and lint yield ha −1 was obtained at the lowest plant densities when either Cycocel or Alar was applied. The plant density × growth retardants interaction implies that effects on cotton yield depend essentially on the space available to each plant, and that optimum plant spacing exists and cotton yield can be affected by growth retardant treatment. Favorable effects of low plant density on number of opened bolls plant −1 and seed-cotton yield plant Table 9 . Mean squares from analysis of variance of on yield and yield earliness in cotton *Significant at 0.05 probability level.
**Significant at 0.01 probability level. 
